Effect of oxygen on radiation-induced DNA damage in isolated nuclei.
In intact mammalian cells, ionizing radiation causes substantially less damage to DNA in the absence of oxygen than in the presence of oxygen. In contrast, when DNA is isolated (usually from viruses) and irradiated in solution, the absence of oxygen does not lead to a decrease in damage unless low-molecular-weight thiols are also present. We investigated an intermediate condition: that of DNA irradiated in isolated nuclei. Using an HPLC-based assay of thiols with electrochemical detection, we have determined that the nuclear isolation procedure leads to the elimination of virtually all low-molecular-weight thiols (predominantly glutathione and cysteine). Thus it was our expectation that the thiol-depleted state would concurrently eliminate the OER, and thereby mimic the isolated DNA system, while retaining structural characteristics of chromosomal DNA. We evaluated radiation-induced DNA damage in isolated nuclei by measuring single-strand breaks using alkaline elution and by measuring double-strand breaks using neutral elution and pulsed-field gel electrophoresis. Despite the removal of low-molecular-weight thiol compounds, the oxygen dependence of radiation-induced damage more closely paralleled that of whole cells than that of DNA in solution. Thus damage of DNA irradiated in isolated nuclei is dependent on oxygen.